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ABSTRACT

Data from various diffuser model studies were analyzed to deter-
mine the influence of pertinent parameters on ejectOr-diffuser perform-
ance with and without ejected mass from the test cell. The parameters
varied were conical nozzle area ratio (3. 15 to 18. p0), diffuser shape
(straight or with various types of bends), mass ejected--ffom the- test
cell (from 0.11 to 1.31 percent of rocket flow) .for different nozzle con-

Sfigurations (single-, two-, and four-nozzle cluster) and diffuser -sizes

(4. 026- to 10. 02-in. diam), and ratio of diffuser-to-nozzle exit area on
start and breakdown diffuser pressure ratio with -respect to second-
throat contraction ratio.,-

The cell-to-driving fluid total -pressure ratios increased with
decreasing nozzle area ratio (for a given diffuser-to-nozzle throat area
ratio). The effective length-to-diameter ratio, on which the driving
pressure ratio at start and breakdown depends, varied with the severity
of the bend in the diffuser. Diffusers with long gradual turns performed
like long, straight diffusers, and those with short sudden turns per-
formed like short, straight diffusers. Mass ejection from the test cell
resulted in a small variation in cell-to-driving total pressure ratio as
compared with the variation of cell-to-driving total pressure ratio with-
out mass ejection for corresponding variations in diffuser-to-nozzle
throat area ratio with various nozzle configurations. The limiting
second-throat contraction' ratio (Ast/Ad) increased with increasing 4

diffuser-to-nozzle exit area ratio for the nozzle configurations tested.
When the diffuser-to-nozzle exit area ratio was equal to or greater
than 6, the spacing of the second throat from the nozzle exit became
very critical. The start and breakdown pressure ratio can be affected
by only a small change in the spacing of the second throat from the noz-
zle exit. The position of the second throat for such configurations with
a large duct-to-nozzle exit area ratio (greater than 6) determines the
amount of improvement in start and breakdown pressure ratio.

PUBLICATION REVIEW

This report has been reviewed and publication is approved.

Eules L. Hively Donald R. Eastman, Jr.
Acting Chief, Propulsion Division DCSe/Research
DCS/Research
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NOMENCLATURE

Ad Cross-sectional area of diffuser, in. 2

Ane Cross-sectional area of nozzle exit, in. 2

Ast Cross-sectional area of second throat duct, in. 2

A* Cross-sectional area of nozzle throat, in. 2

D Diameter of diffuser duct, in.

d* Diameter of nozzle throat, in.

dne Diameter of nozzle exit, in.

d Diameter of diffuser second-throat duct, in.

L Length of diffuser duct at diameter, D, in. (unless other-
wise noted)

I Length of diffuser second-throat duct at diameter, d, in.

Mb Free-jet boundary Mach number

Md Diffuser duct Mach number

Mne Simulated nozzle exit Mach number

Pc Simulated rocket test cell pressure, psia

Pc, Jet pump number 1 cell or secondary pressure, psia

Pc2 Jet pump number 2 cell or secondary pressure, psia

Pt Simulated rocket chamber total pressure, psin

Ptl Jet pump number 1 driving or primary pressure, psia

Pt2 Jet pump number 2 driving or primary pressure, psia

Pex Diffuser duct exit pressure, psia

Tt Simulated rocket driving fluid total temperature, *F

Ttl Jet pump number I driving fluid total temperature, 0 F

Tt 2  Jet pump number 2 driving fluid total temperature, *F

Wa Simulated rocket mass flow rate, lbm/sec

Wb Jet pumps total ejected or secondary mass flow rate, lbm/sec

Wp Jet pumps total driving fluid or primary mass flow rate,
lbm/sec

X Distance from the nozzle exit to the beginning of the second
throat, in.

ix
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Z Distance from nozzle exit to diffuser inlet (Minus sign indi-

cates that the diffuser inlet is upstream of the nozzle exit,
and plus sign indicates that the diffuser inlet is downstream
of the nozzle exit. ), in.

a Flow direction angle of free-jet boundary at the nozzle lip

with respect to the centerline of flow, deg

Flow direction angle of free-jet boundary on diffuser im-
pingement region with respect to the centerline of the flow,
deg

ly Ratio of specific heats

6 Total angle through which the jet boundary turns from the
nozzle exit to the diffuser wall (a-I 3 ), deg

On Nozzle divergent half angle, deg

v Prandtl-Meyer stream expansion angle, deg

a Rate of spread of the mixing region (a = 12 + 2. 758 Mb)

SUBSCRIPTS

act Actual

st Second throat

ns Normal shock

isen Isentropic

Condition at nozzle exit before expansion (inside the jet and
calculated from isentropic flow relations)

x Upstream of normal shock

y Downstream of normal shock

SUPERSCRIPT

Ejected mass from the simulated rocket test cell

x



A EDC.T DR.6-4i34

1.0 INTRODUCTION

The engineer is faced with the problem of seeking economical tech-
niques to extend ground facility testing capabilities to meet the present-
day rocket test requirements. Such a technique for facility improvement
is the development of the ejector-diffuser system which allows rockets
to be tested at much higher simulated altitude conditions than are pos-
sible with existing ground facility capabilities alone.

Although many problems have been resolved in determining the
ejector-diffuser design parameters, the technique has not yet reached
the point of perfection. The influence of pertinent varied parameters
on ejector-diffuser performance imposed by the rocket test requirements
is still being documented.

An investigation was conducted through model studies to determine
the influence of certain pertinent parameters on ejector-diffuser per-
formance both with and without ejected mass from the test cell. The
parameters studied are:

1. Variation of nozzle area ratio, Ane/A*,

2. Diffuser shape or geometry (straight or with various types
of bends),

3. Mass ejection from the test cell for different nozzle con-
figurations and diffuser sizes, and

4. Ratio of diffuser-to-nozzle exit area, Ad/Ane, on start and
breakdown pressure ratio, Pex/Pt, with respect to second-
throat contraction ratio, Ast/Ad.

Seven nozzle configurations (single-, two-, and four-nozzle clusters)
in combination with eight diffuser configurations were used in this investi-
gation. Correlation between experimental data and one-dimensional
relationships for diffuser-to-nozzle throat area ratio, cell-to-nozzle total
pressure ratio, and ratio of specific heats is shown.

This study was conducted in the Propulsion Researh Area (R-2D) of
the Rocket Test Facility (RTF), Arnold Engineering Development Center
(AEDC), Air Force Systems Command (AFSC), from August 21, 1962,
to August 22, 1963.

Manuscript received June 1964.
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2.0 APPARATUS

The eight basic diffuser test configurations used in this investiga-
tionwere tdriven by a simulated rocket nozzle configuration selected
from a group:of seven which consisted of either a single-, two-, or
four-nozzie cluster.

2.1 SIMULATED ROCKET TEST CELL

The Propulsion Research Area (R-2D) consists of a duct 12 in. in
diameter and 21 in. long, to Which two parallel air-driven auxiliary jet
pumps are -perpendicularly attached 180 deg apart as shown in Fig. 1.
The jet pumps discharge through the facility exhaust ducting downstream
of the hand-operated isolation valve. Two 4-in. gate valves' separate the
test cell from the jet pumps.

Each jet pump consists of an axisymmetric 9-deg half-angle conical
nozzle attached to a plenum chamber section fabricated from a 1-1/2-in.
schedule double, extra heavy pipe approximately 13 in. long and installed
inside the 4-in, standard schedule 40 ducts as shown in Fig. la. The
nozzles for both pumps are identical, with throat diameters of 0.437 in.
The nozzle exit-to-throat area ratio of each jet pump is 25. 12. Complete
details of the jet pump nozzles are presented in Fig. 4 of Ref. 1.

2.2 SIMULATED ROCKET NOZZLE PLENUM SECTION

The simulated rocket nozzles were installed on a 4-in. schedule
160 pipe welded to a 6-in. flange. The different nozzles were connected
to the plenum section as shown in Fig. 2. The nozzle configuration was
installed in a sealed plenum or test cell section to which the diffuser was
attached. A typical test configuration is shown in Fig. 1.

2.3 SIMULATED ROCKET NOZZLE CONFIGURATIONS

The axisymmetric conical nozzles used in the seven nozzle .onfigu-
rations are similar to those used in Ref. 1. The nozzles are shown in
detail in Fig. 3, and a description of the nozzles and the seven nozzle
configurations is given in Table 1.

2.4 DUCT AND NOZZLE DESIGNATION

The eight basic diffuser configurations are shown in Fig. 4. A
description of the type of diffusers, the configuration numbers, and

2
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dimensional details are shown in Table 2. Included in the Summary of
Test Data (Tables 3 and 4) are the duct and nozzle configuration code
designations of the nozzle and diffuser combinations. The duct and noz-
zle configuration code designation combines the nozzle configuration
code (Fig. 2 and Table 1) and the diffuser configuration code (Fig. 4
and Table 2). A typical duct and nozzle configuration designation as
listed in Table 3 is 1-A (diffuser configuration 1 from Fig. 4 and Table 2,
and nozzle configuration A from Fig. 2 and Table 1). The S preceding
the diffuser configuration code as in Fig. 4b and Tables 2 and 4 desig-
nates the second-throat diffuser for the diffuser configuration 3.

2.5 DIFFUSER INSTALLATION

The 24-in. space shown in Fig. la exists between the downstream
face of the test cell and the upstream face of the exhaust ducting for in-
stallation of the various diffuser configurations. This space was utilized
for installation of the straight cylindrical and second-throat diffuser con-
figurations (configurations 1, 2, 3, S3, 4, and 5). A modified installa-
tion arrangement (Figs. lb through d) was made for the diffuser configu-
rations with bends (configurations 6, 7, and 8).

2.5.1 Constant Area Cylindrical and Second.Throat Diffuser Configurations

Configurations 1 and 3

Five sizes of constant area cylindrical diffusers were investigated.
The dimensional details of two of the five are presented in Fig. 4a as
configurations 1 and 3 with corresponding diameters of 4. 026 and

... .......................

Configuration S3

3
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6. 141 in. A second-throat insert was installed in diffuser configura-
tion 3 and designated as configuration S3. Three second-throat diffuser
inserts (diameters: 4. 026, 4. 625, 4. 943 in. as shown in Fig. 4b and

Table 2) were investigated with the diffuser configuration 3. The posi-
tion of the second throat from the nozzle exit was made variable by
sliding the second-throat insert inside the 6. 141-in. duct (configura-
tion 3 diffuser) by a linkage mechanism located in the first spool piece
of the exhaust ducting shown in Fig. lb.

Configuratlons 2, 4, and 5

Diffuser configurations 2, 4, and 5 (Fig. 4c) have 4. 680, 8. 092,
and 10. 02-in. diameters, respectively. The flanges were placed 24 in.
apart to correspond to the space between the test cell and exhaust duct-
ing shown in Fig. la.

2.5.2 Constant-Area Cylindrical Diffusers with Bends

Configuration 6

4
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A 5. 763-in. -diam, constant-area cylindrical diffuser with a 90-deg
long radius elbow (Fig. 4d) was designated as configuration 6. A 15.5-in.
straight diffuser section was upstream of the bend, and a 27. 75-in.
section was downstream of the bend.

/
Configuration 7

Configuration 7 (Fig. 4e) consisted of a 4. 647-in. -diam, constant-
area cylindrical diffuser with a 60-deg total-angle miter bend. A length
of 15. 75 in. of straight duct was upstream of the bend and 16. 88 in.
downstream of the bend.

Configuration 8

Configuration 8 (Fig. 4f) consisted of a 5. 763-in. -diam, constant-
area cylindrical diffuser with a 60-deg total-angle miter bend. The

5
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length of the straight diffuser section upstream of the bend was 11.43 in.
and downstream of the bend was 11. 53 in.

2.6 SIMULATED ROCKET NOZZLE AND JET PUMP DRIVING FLUID

Air from the VKF 4000-psi storage tank or 200-psig saturated
steam from the AEDC central plant provided the driving medium for the
simulated rocket nozzles with a plenum total pressure as high as 192 psia
with steam and 403 psia with air. The same air from the VKF 4000-psi
storage tank provided the driving medium for the jet pumps at an opti-
mum driving pressure of 70 psia, which discharged to the RTF exhaust
machines. The ejector-diffusers exhausted to the RTF exhaust machines,
which maintained a pressure as low as 0. 12 psia. The 20-in., hand-
operated gate valve (Fig. 1) was used to vary the exhaust pressure at the
exit of the ejector-diffuser.

2.7 INSTRUMENTATION

The parameters of primary interest were cell pressures for the two
jet pumps and the ejector-diffusers, Pcl, Pc2, and Pc; diffuser exit
pressure, Pex; jet pump and simulated rocket nozzle plenum total pres-
sures, Ptl, Pt2, and Pt; and plenum total temperature for the jet pumps
and simulated rocket nozzles, Ttl, Tt2, and Tt.

All pressures were read on diaphragm-activated dial gages. These
gages were periodically calibrated, and the readings were well within
the calibration range. The temperatures were measured with copper-
constantan thermocouples and read on compensating millivolt meters.
All parameters were recorded manually after a steady-state condition
was reached.

2.8 JET PUMP CALIBRATION

As reported in Ref. 1, a calibration of the jet pumps was accom-
plished by installing a flange of five venturis on the inlet to the jet pump
cell valve, which connects the jet pump to the test cell (Fig. 1). The
five venturis were used to measure the atmospheric inbleed or secondary
airflow into the jet pump cell region. The secondary airflow was varied
by inbleeding through one or more of the five venturis. Rubber plugs
were used to isolate the venturis for varying the secondary airflow.

The jet pump cell or secondary pressure was measured for the
various atmospheric inbleed airflows for a range of jet pump driving

6
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pressures with both air and steam as the jet pump driving medium. The
jet pump calibration was used to determine the ejected mass flow from
the test cell for the configuration being tested.

3.0 TEST PROCEDURE

At the beginning of each test, a vacuum check was made to detect
any possible leaks into the system before data were taken.

The test objective was to measure the performance of each test con-
figuration as an ejector-diffuser by finding the minimum cell-to-nozzle
total pressure ratio, Pc/Pt, and the corresponding starting and operating
pressure ratios, Pex/Pt, in order to determine the effect on perform-
ance of the various parameters. Such parameters were (1) variation in
nozzle area ratio, Ane/A*, (2) diffuser shape (straight or with various
types of bends), (3) mass ejection from the test cell for different nozzle
configurations and diffuser sizes, and (4) effects of variation of the ratio
of duct-to-nozzle exit, Ad/Ane, on start and breakdown pressure ratio
with respect to second-throat contraction ratio, Ast/Ad. A typical
ejector performance curve defining the starting and operating pressure
ratios is presented in Fig. 3 of Ref. 2.

The data were obtained by setting the desired nozzle plenum total
pressure with the exhaust pressure set low enough to ensure ejector
starting (minimum Pc/Pt as obtained for diffusers with no second throat)
and then increasing the exhaust pressure until an increase in cell pres-
sure was noted (ejector unstarted). This point determined the operating
pressure ratio. The exhaust pressure was then decreased until the
ejector became started. This point determined the starting pressure
ratio.

3.1 IMPROVED PERFORMANCE BY JET PUMPS

Various configurations were tested to determine the decrease in
minimum pressure ratio, Pc/Pt, by ejecting mass from the test cell
with the jet pumps. While the diffuser was started and operating at its
minimum pressure ratio, Pc/Pt, and while the jet pumps were operated
at no secondary flow, one (or both) of the 4-in., hand-operated valves
between the ejector-diffuser test cell and the jet pump cell region was
opened. The maximum decrease in Pc/Pt occurred when both jet pumps
were pumping at maximum efficiency with valves opened to the test cell.
The starting and operating driving pressure ratio, Pex/Pt, was deter-
mined with the jet pumps ejecting mass from the test cell for compari-
son with the no-ejected mass condition.

7
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3.2 EFFECT OF SECOND-THROAT POSITIONING

The variable axial position second-throat diffuser configurations
(S3a, S3b, and S3c) were tested with nozzle configurations A, B3, B4, C,
and D at various positions to determine the optimum location from the
nozzle exit to the beginning of the second throat for the ejector-diffuser
to operate at the minimum pressure ratio, Pc/Pt. In the vicinity of the
position for minimum Pc/Pt, the start and breakdown pressure ratio,
Pex/Pt, was determined.

4.0 RESULTS AND DISCUSSION

The primary purpose of this investigation was to determine the
effect of a change in various parameters on the ejector-diffuser perform-
ance. Such parameter changes include (1) nozzle area ratio, (2) diffuser
shape and size (straight or with various types of bends), (3) mass ejec-
tion from te'st cell for different nozzle configurations and diffuser sizes,
and (4) the effect of diffuser-to-nozzle exit area ratio'on start and break-
down pressure ratio for various second-throat contraction ratios.

A summary of the data from the configurations tested and the experi-
mental results compared with one-dimensional isentropic values from
Ref. 3 is presented in Tables 3 and 4 and in Figs. 5 through 13.

4.1 NOZZLE AREA RATIO INFLUENCE ON EJECTOR-DIFFUSER PERFORMANCE

Ejector-diffuser tests were conducted with nozzle configuration B1
(Ane/A* = 5. 00) from Table I driving different size, constant-area dif-
fusers (Tables 2 and 3). The nozzles were identical except for area
ratio, Ane/A*, which resulted in a nozzle exit Mach number, Mne, dif-
ference as shown in Table 3 since the one-dimensional isentropic Mach
number relationship is a direct function of nozzle area ratio and thi
ratio of specific heats or Mne = f(Ane/A*, }).

Presented in Fig. 5a is the performance of two different nozzle

configurations driving the same size diffuser (4. 026-in. -diam) configu-
ration. A difference in cell-to-nozzle total pressure ratio, Pc/Pt, is
evident. The Pc/Pt for configuration 1-B2 (Ane/A* = 5. 00) is higher
than the Pc/Pt for configuration 1-B1 (Ane/A* = 18. 00) by a factor of
1.52.

The driving pressure ratio, Pex/Pt, for ccnfiguration 1-B2 is
8-percent lower than that for configuration 1-B1. The L/D's for the

8
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two configurations are essentially equal (Table 3). This lower Pex/Pt
for configuration 1-B2 means that the diffuser will break down at a
lower diffuser exit pressure than will configuration 1-B1 for the same
given nozzle driving pressure. Presented in Fig. 5b is the performance
of B1 and B2 nozzle configurations driving a larger diffuser (8. 092-in. -
diam) configuration 4. There is essentially no difference in the Pex/Pt
for configurations 4-B1 and 4-B2. The Pex/Pt performance for the B1
and B2 nozzle configuration driven ejector-diffusers in relation to the
one-dimensional normal shock total pressure ratio, Pty/Ptx, is pre-
sented in Fig. 11a. This Pex/Pt performance line is almost parallel to
the y = 1. 40 one-dimensional normal shock total pressure ratio line and
is approximately 69. 30 percent of Pty/Ptx. The variation of Pex/Pt/
Pty/Ptx with L/D as compared with the results presented in Ref. 1 is
shown in Fig. 12a. The trend of the data is identical to that in Ref. 1.

The Pc/Pt ejector-diffuser performance for the two nozzle configu-
rations (Bi, Ane/A* = 18. 00, and B2, Ane/A* = 5. 00) in different size
ducts is presented in Fig. 10a in relation to their isentropic values.
Since the diffuser-to-nozzle throat area ratios, Ad/A*, are the same
for either one of the two nozzle configurations driving the same diffuser
configuration, the corresponding isentropic values are the same as
shown in Fig. 10a.

The Pc/Pt for configuration 4-B2 is higher than that for configura-
tion 4-B1 by a factor of 1. 85. The difference in Pc/Pt for the large
diffuser (configuration 4) is larger than that for the small diffuser (con-
figuration 1).

Nozzle configuration B1 (Ane/A* = 18. 00) was tested with five dif-
fuser sizes. Their performance almost parallels the isentropic curve
,y = 1. 40 except for the two larger Ad/A* configurations (4-BI and 5-BI).
From Table 3, the ratio (Pc/Pt)act/ (Pc/Pt) isen for the different con-
figurations is as follows:

Configuration (PC Pt) act/ (PC !Pt) isen

I-B1 1. 198
2-BI 1. 270
4-BI 1. 749
5-BI 2.742
6-BI 1.320

The straight line trend of the points for configurations 1-B1. 2-B1, and
6-BI is the same as that presented in Refs. 1 and 4. The increased
deviation of the cell-to-nozzle driving pressure ratio from the isentropic
value as shown in Fig. 10a for configurations 4-B1 and 5-B1 is probably
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a iesult of the driving fluid condensation effect as discussed in Ref. 5
and the increased rate of spread of the mixing region as discussed in
Refs. 6 and 7.

Nozzle configuration B2 (Ane/A* = 5. 00) was tested with three dif-
fuser configurations (1, 3, and 4). The Pc/Pt performance for these
configurations is presented in Fig. 10a. A higher Pc/Pt by an average
factor of 1, 68 was obtained for these configurations (1-B2, 3-B2, and
4-B2) than was obtained for the diffuser configurations with nozzle con-
figurations B1 (1-B1, 2-B1, 4-B1, 5-BI, and 6-BI). The deviation of
P.I/Pt from the one-dimensional isentropic value given in Table 3 is as
follows:

C.onfiguration (PC/Pt) act /(Pc/Pt)is en

1-B2 1.785
3-B2 2.673
4-B2 3.242

A Pc/Pt linear increase deviation from the one-dimensional isentropic
value resulted for both the B1 and B2 nozzle configurations. (The per-
formance lines diverge for increasing Ad/A*.) This result was probably
an effect of the increased length of the free-jet mixing zone for the in-
crease in Ad/A*. The difference in Pc/Pt performance for the two noz-
zles (B1 and B2) as shown in Fig. 10a is a probable result of the change
in the rate of spread of the mixing region referred to as a since the noz-
zle exit Mach numbers are different. References 6 and 7 show that the
value of a is dependent on the free-jet boundary Mach number, Mb, such
as a = 12 + 2. 758 Mb where Mb = f(Pc/Pt, v) as shown in Ref. 7.

From the jet boundaries calculated by the method in Ref. 8 for both
nozzle configurations B1 and B2 driving diffuser configurations 1 and 4,
the lengths along the jet boundaries were determined. No essential dif-
ference existed in the length of the free-jet boundaries for these nozzle
configurations driving diffuser configuration 1. The difference in the
length of the jet boundaries for the nozzle configurations driving diffuser
configuration 4 is approximately 1 in. A definite increase in the impinge-
ment angle, 9, of the jet boundary on the diffuser wall is evident for the
decrease in Ane/A* (18. 00 to 5. 00). The angle, a, of the tangent to the

jet boundary at the nozzle is increased by changing the nozzle Ane/A*
from 18. 00 to 5. 00 even when Pc/Pt remains unchanged. This fact is
shown by the following eauwttions:

a = V - Vj + On

V = f(Pc/Pt, 7Y)

Ij = f(Ane/A*, 7)

10
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Since the nozzle half-angle, On, is not changed by cutting the nozzle off
from an Ane/A* = 18. 00 to 5. 00 and since Pc/Pt is assumed not to
change, Vj is the only influencing parameter to cause a to increase; how-
ever, Pc/Pt did change slightly resulting in a slightly smaller increase
in a than if Pc/Pt had remained constant. The angle, a, is larger for
the small Ane/A* nozzle than for the large Ane/A* nozzle (see sketch
below). £'rom the jet boundaries shown in the sketch for these configu-
rations, the jet boundaries of the smaller nozzle (Ane/A* = 5. 00) con-
figuration turned through a larger angle and impinged on the duct at a
larger angle. The larger impingement angle, g3, allows more rejected
mass from the mixing zone to be turned back into the test cell. This
results in a mass-rejected, mass-scavenged equilibrium at a h.gher
test cell pressure level.

Diffuser Wall

Ane/A* = 18.00 Onl

The same Pc/Pt and Pex/Pt performance effect was experienced

with nozzle configurations B3 and B4. The nozzles were identical,
except the nozzle in configuration B4 (referred to as the scarf nozzle)
Ihd the exit cut at an angle other than perpendicular with the nozzle
centerline, whereas the nozzle in configuration B3 (referred to as the
straight exit nozzle) had an exit plane perpendicular to the nozzle center-
line as shown in Figs. 2b and 3b. The scarf nozzle minimum and maxi-
mum exit diameters are 1. 218 and 1. 563 in., which correspond to noz-
zle area ratios of 2. 38 and 3. 914 (average Ane/A* = 3. 147). The Ane/A*
for the straight exit nozzle was 3. 914. Since the nozzle exit Mach nium-
ber is a function of Ane/A* and Y, there is a difference in the Mne for
the scarf (Mne = 2. 69) and straight exit (Mne = 2. 92) nozzles as shown
in Table 3.

Both the straight exit nozzle configuration B3 and the scarf nozzle
configuration B4 (Table 1) were used with the diffuser configurations
2, 3, 6, 7, and 8 (Table 2). The Pc/Pt and Pex/Pt performance of the
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individual ejector-diffuser configurations is presented in Fig. 7. Fig-
ures 7a and b present the performance of the straight diffuser configu-
rations 2 and 3. The Pc/Pt for configurations 2-B4 and 3-B4 (scarf
nozzle configurations) is higher than ihe Pc/Pt for configurations 2-B3
and 3-B3 (straight exit nozzle configurations) by a factor of 1. 21 and
1. 23, respectively. The breakdown pressure ratio, Pex/Pt, for con-
figurations 2-B4 and 3-B4 is lower than the Pex/Pt for configurations
2-B3 and 3-B3 by a factor of 0. 98 and 0. 94, respectively. This decrease
in ejector-diffuser performance is similar to the effect caused by re-
ducing the Ane/A* from 18. 00 to 5. 00. Figures 7c, d, and e present the
performance variation for diffuser configurations with bends (6, 7, and 8),
driven by nozzle configurations B3 and B4. The Pc/Pt and Pex/Pt per-
formance difference for a particular diffuser with bends (6, 7, or 8)
driven by either nozzle configuration B3 or B4 shows the same trend as
did the straight diffuser configurations. The following table gives the
loss in Pc/Pt Pnd Pex/Pt performance for the diffuser configurations
with bends as a result of the effective nozzle area ratio change (from
nozzle configuration B3 to B4).

Ejector - Diffuser PcIPt Increase Pex/Pt Decrease
Configuration Factor Factor

6-B3 to 6-B4 1.14 0.94
7-B3 to 7-B4 1. 11 0.93
8-B3 to 8-B4 1.19 0.89

The PC/Pt performance deviation from the one-dimensional isentropic
value for the five diffuser configurations driven by nozzle configurations
B3 and B4 is presented in Fig. 10b. The Pc/Pt performance lines for the
two nozzle configurations B3 and B4 in the various diffusers are essen-
tially parallel. The B4 nozzle configuration driven diffuser Pc]Pt per-
formance is higher than that for the B3 nozzle configuration by an average
factor of approximately 1. 17. This average increase factor is lower than
the approximate average value of 1. 68 obtained for the B1 and B2 nozzle
configuration driven diffusers shown in Fig. 10a. This difference in
average increase factor for nozzle configurations B1 to B2 (1. 68) and B3
to B4 (1. 17) is a result of the difference in the average nozzle exit Mach
number, Mne, (B11 to B2, Mne = 4. 59 to 3. 18 and B3 to B4, Mne = 2. 92
to 2.69) which affects the impingement angle, At. Nozzle configurations B1
and B2, which had the greatest change in Mne, had the greatest average
Pc/Pt increase factor.

The change in Pex/Pt ratios is approximately equal for the straight
diffuser configurations (2 and 3) and diffuser configurations with bends
(6, 7, and 8) as a result of nozzle area ratio change (straight exit nozzle
configuraticn B3 to scarf nozzle configuration 134) shown in Figs. 7a
through e. This change in Pex/Pt as a result of the nozzle area ratio
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change (B3 to B4) is approximately equal to the change in Pex/Pt ob-
tained for configurations 1-B1 and 1-B2.

The start and breakdowvn pressure ratio, Pex/Pt, performance for
the B3 and B4 nozzle configuration driven ejector-diffusers in relation
to the one-dimensional normal shock total pressure ratio, Pty/"Ptx, is
presented in Fig. lIb. The data are more dispersed than those pre-
sented in Fig. 1 la for nozzle configurations B1 and B2. This Pex/Pt
scatter will be shown and discussed in section 4. 2 as an L/D effect. An
average line through these points parallels the 'y = 1. 40 one-dimensional
Pty/Ptx line and is approximately 69. 25 percent of Pty/Ptx. This value
is practically equal to the value obtained for the B1 and B2 nozzle con-
figurations as shown in Fig. 11a (69. 30 percent of Pty]Ptx).

4.2 INFLUENCE OF DIFFUSER SHAPE AND SIZE ON EJECTOR-DIFFUSER PERFORMANCE

Both straight cylindrical diffusers and cylindrical diffusers with
bends were investigated. Single-nozzle, two-nozzle, and four-nozzle
configurations were used for driving the various diffuser configurations.

4.2.1 Effect of Diffuser Bends on Performance

The bend in the diffusers, such as configuration 7, apparently does
not affect Pc/Pt performance, but Pex/Pt is affected. This result is
presented in Fig. 8 for configurations 2-B3 and 7-B3, which have very
close to identical diameters (Ad/A* = 35. 09 for 2-B3 and 34. 60 for 7-B3).
The average total temperature of the driving fluid for 7-B3 was approxi-
mately 23°F lower than for 2-B3. This lower temperature driving fluid
for configuration 7-B3 could possibly result in an increase in Pc/Pt over
that for a higher driving fluid temperature as a result of fluid condensa-
tion effect (Ref. 5). The difference in Ad/A* and the driving fluid tem-
perature is considered responsible for the Pc/Pt difference shown for
2-133 and 7-B3 in Fig. 8.

The effect of the bend on the Pex/Pt performance as shown in Fig. 8
is the result of an effective change in the diffuser L/D. Even though dif-
fuser configuration 7 (diffuser with bend, Fig. 4f) is longer than diffuser
configuration 2 (straight diffuser, Fig. 4a), the effective length is shorter.
The effective length of the diffuser with a bend is defined as the equivalent
straight length required for a straight diffuser to give the same break-
down pressure ratio, Pex/Pt, performance as that obtained for the dif-
fuser with a bend. The effective length is approximately that length from
the nozzle exit to the beginning of the bend. From Table 3, the L/D and
Pex/Pt/Pty/Ptx for these ejector-diffuser configurations is as follows:

13
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Ejector-Diffuser Pex/Pt
Configuration Pty/Ptx L/D

2-B3 0. 7309 5.33

7-B3 0.6503 3.27
! This effective L/D change accounts for the difference in Pex/Pt shown

in Fig. 8 for the two configurations (2-B3 andl--1B3). A comparison of
this variation of Pex/Pt / Pty/Ptx with L/D in relation to the results in
Ref. 1 is shown in Fig. 12b. Good agreement is evident.

Also shown in Fig. 12b is the Pex/Pt / Ptv/Ptx relationship with
effective L/D for the diffuser configurations (2, 3, 6, 7'/ and 8) driven
by both the B3 and B4 nozzle configurations. The trend parallels that
in Ref. 1. This same spacing effect of a bend downstream of the nozzle
exit on Pex/Pt is presented in Ref. 9. The severity of the bend also
affects the Pex/Pt performance. This is shown in Table 3 and Fig. 12b
for configurations 6-B3 and 8-B3, which are the same diameter diffusers
but with different type bends (see Figs. 4d and f). From Fig. 12b, con-
figuration 6 appears to have the higher breakdown performance, Pex/Pt/
Pty/Ptx. This indicates that a diffuser with a long gradual bend performs
more like a straight diffuser with the total centerline length as the effec-
tive length for calculating L/D. The effect of the radius of turn on the
L/D is reported in Refs. 9 and 10. The severe shock patterns in the
abrupt turns result in high pressure peaks in the elbow region. A dif-
fuser with a long gradual turn as reported in Ref. 10 has a much milder
shock pattern, resulting in a lower pressure in the elbow.

4.2.2 TwoeNozzle-Driven Diffuser Performance

In addition to the data in Ref. 1, more data were obtained for
various size diffusers (configurations 3, 4, 5, and 6). Presented in
Fig. 10c is the Pc/Pt performance for the different size diffusers both
from this investigation and that reported in Ref. 1 in relation to the
Y = 1.40 one-dimensional isentropic curve. A line through the experi-
mental points diverges from the isentropic line for increasing Ad/A*.
This is a result observed in Refs. 1 and 4 and discussed in section 4. 1
for the B1, B2, B3, and B4 nozzle configurations and shown in Figs. 10a
and b. Isentropic Pc/Pt performance was obtained for the small Ad/A*
configuration.

The relationship of the breakdown pressure ratio, Pex/Pt, for the
different ejector-diffusers using the two-nozzle configuration A (Fig. 2a)
is presented in Fig. 11c. The Ref. 1 data are closer to the 7' = 1. 40 one-
dimensional normal shock total pressure ratio, Ptv/Pty, line than the
data obtained in this investigation. The ratio of Pex/Pt/ Pty/Ptx for the
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two sets of data is shown in Table 3. The averages from Fig. ltc for
the two sets of data are approximately 81 percent of Pty/Ptx for Ref. 1
data and approximately 62 percent of Pty/Ptx for the present data. This
difference in Pex/Pt can better be explained by considering the L/D
effect for the configuration as shown in Ref,, 1. Figure 12c presents
this L/D relationship with Pex/Pt / Pty/Ptx compared with the two-
nozzle ejector-diffuser data taken from Fig. 10 of Ref. 1. These new
data follow the same trend established in Ref. 1.

4.2.3 Four-Nozzle.Driven Diffuser Performance

Four-nozzle configuration C (Fig. 2c and Table 1) was used to drive
a series of different diffusers (configurations 1 through 6). The Pc/Pt
performance for this set of configurations follows a linear relationship
similar to the single- and two-nozzle configurations previously dis-
cussed. The relation of the four-nozzle Pc/Pt performance to isen-
tropic for the small Ad/A* of 16. 72 was similar to that obtained for the
two-nozzle configuration A. The deviation of Pc/Pt for the four-nozzle
configurations from the one-dimensional isentropic curve (Fig. 10c) for
increasing Ad/A* was greater than the corresponding deviation of Pc/Pt
for the two-nozzle cluster (Fig. 10d). Since the two types of nozzle con-
figurations (two- and four-nozzle cluster) differ essentially in L(Ane/A*)
as shown in Table 1, then the difference in Pc/Pt for the two- and four-
nozzle configurations appears to be similar to the effect obtained for the
single-nozzle configurations (B1 and B2 - B3 and B4) as discussed in
section 4. 1. A comparison of the performance for the different nozzle
configurations from Fig. 10 shows that the larger the nozzle Ane/A* for
essentially the same nozzle half-angle the lower the Pc/Pt will be re-
gardless of whether one-, two-, o:c four-nozzle clusters are used for
any particular Ad/A*. This comparison is shown in Fig. 10d for the
different nozzle configurations (Ane/A* = 18. 00, 12. 01, 5. 00, and 4.12).

The Pex/Pt for the diffuser configurations (1 through 6) using four-
nozzle configuration C (Table 1) is presented in Fig. lid. The data lie
on a line which parallels the - = 1.40 one-dimensional normal shock.
total pressure ratio line, approximately 67.5 percent of Pty/Ptx. Since
there was a variation in the L/D for the different ejector-diffuser con-
figurations, these data can be better presented as Pex/Pt / Pty/Ptx
versus L/D as shown in Fig. 12d. In this figure the data are compared
with the two-nozzle cluster data presented in Ref. 1. The line repre-
senting the four-nozzle cluster data (nozzle configuration C) does not
increase as rapidly as the two-nozzle cluster data (Fig. 12d) with in-
creasing L/D. No optimum L/D was determined for the four-noizle
configuration C.
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4.3 MASS EJECTION FROM TEST CELL FOR VARIOUS EJECTOR.DIFFUSER
CONFIGURATIONS

Reported in Ref. 1 is the Pc/Pt performance improvement of single- :'
and two-nozzle ejector-diffuser configurations with mass ejected from
the test cell by either one or two jet pumps. This work has been con-
tinued for different nozzle configurations and diffuser sizes and with
steam and air as the ejector-diffuser driving fluids.

4.3.1 Single-Nozzle Configurations of Different An ./A*

Presented in Fig. 6 is the performance for both air and steam used
as ejector-diffuser nozzle driving fluids with and without ejected mass,
Wb, from the test cell. The cell pressure ratio performance for either
air or steam as the driving fluid, without ejected mass from the test
cell (see configuration 2-B1), as shown in Fig. 6 is in good agreement
with the data in Ref. 4 for the Ane/A* = 18. 00 nozzle. With ejected
mass from the test celiland air as the drivng fluid, the Pc/Pt perform-
ance improvement was 2.17 for one jet pump and 2.62 for two jet pumps.
This improvement was accomplished by ejecting Wb/Wa = 0. 146 percent
(Wa is the simulated rocket nozzle driving fluid weight flow). With steam
as the driving fluid, the Pc/Pt performance improvement was 1. 97 for
one jet pump and 2.17 for two jet pumps, but the Wb/Wa ratio was not
determined. The jet pump performance calibration with steam as the
secondary fluid had not been made. Presented in Fig. 6 is the curve for
one jet pump performance over a variation of exit pressure to break- j
down. Breakdown Pex/Pt was the same with or without ejected mass,
as was shown in Ref. 1.

Figure 9 shows the performance for both nozzle configurations B3
and B4 driving diffuser configurations 2 and 3 with and without ejected
mass. The Pc/Pt improvement by ejecting mass from the test cell as
shown in Table 3 is as follows:

One Jet Pump Two Jet Pumps
Configuration Ad/A* --

,Pc/Pt/(PPt),' Wb/Wa, Pc/Pt/(pc/Pt)t Vb/Wa*percent percent

2-B3 35.09 2. 355 0.604 2.711 1.02?
3-B3 60.43 1.948 0.153 2.029 0.279
2-B4 35.09 2. 214 0. 786 2. 696 1.312
3-B4 60.43 1.735 0. 510 2. 048 1.030

The Pc/Pt improvement decreased for an increase in Ad/A*. The
use of one or two jet pumps for a given Ad/A* did not appreciably affect
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the Pc/Pt performance. Again breakdown occurred approximately at
the same Pex/Pt with or without ejected mass.

A comparison of the performance with ejected mass for various
diffusers driven by nozzles with different Ane/A* is presented in
Figs. 10a and b. The small area ratio nozzles have the higher Pc/Pt
performance as a result of the large impingement angles even with
ejected mass. A unique characteristic of the Pc/Pt performance with
ejected mass is that the ratio of Pc/Pt does not vary with Ad/A* as
much as it does with no ejected mass. A limiting ejector-diffuser
Ad/A* exists for a particular jet pump at which no further imptove-
ment in Pc/Pt is possible. This is accomplished when the ejector-
diffuser test cell pressure without ejected mass is equal to the Jet
pump no-secondary-flow cell pressure.

4.3.2 Two-Nozzle Configuration A

Both additional data and data from Ref. 1 for nozzle configuration A
(two-nozzle cluster) driving different size diffusers with and without
ejected mass are presented in Fig. 10c. This ejector-diffuser PC /Pt
performance with ejected mass shows an improvement by as much as
1/10 of Pc/Pt for the small Ad/A* ejector-diffuser configurations.

It should be noted that, when mass is ejected from the cell, there
is only a small change in Pc/Pt for a wide range of ejector-diffuser
area ratios Ad/A*. This almost invariant Pc]Pt with Ad/A* perfoirm-
ance illustrates the fact that the selection of a small diffuser when oper-
ated with ejected mass loses little in Pc/Pt performance. Since a &mall
diffuser can operate at a higher exit pressure than a large one, the
small diffuser is more desirable from the standpoint of extending the
facility test range capability. The Pc/Pt performance foi nozzle con-
figuration A with one jet pump parallels that for the two jet pumps but at
a higher Pc/Pt level by a factor of approximately 1. 3E.

4.3.3 Four-Nozzle Configuration C

Similar to Fig. 10c is Fig. 10d, which is the Pc/Pt performance of
the four-nozzle cluster configuration C driving various sizes of diffusers
with and without mass ejected from the test cell. Again the mass-ejected-
from-the-test-cell performance curves are much less variant with Ad/A*
than the no-mass-ejected line. The ratio Pc/Pt for the smallest ejector-
diffuser investigated was reduced by as much as 20. 8 percent by ejecting
mass from the test cell. This improvement decreased with increasing
Ad/A* as shown previously for the two-nozzle cluster in Fig. 10c. The
curves representing mass ejected from the test cell by one and two jet
pumps are shown in Fig. 10d to converge slightly for increasing Ad/A*.
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The one-jet-pump line is higher than the two-jet-pump line by a decreas-
ing factor of 1. 35 at the small Ad/A* ejector-diffuser to 1. 18 at the
large Ad/A* ejector-diffuser.

4.4 INFLUENCE OF DIFFUSER.TO-NOZZLE-EXIT AREA RATIO ON SECOND.THROAT
PERFORMANCE WITH PESPECT TO NOZZLE-EXIT-TO.SECOND-THROAT SPACING
AND SECOND.THROAT CONTRACTION RATIO

The understanding of the problems associated with the performance
of ejector-diffusers is further complicated by the addition of a contrac-
tion known as a second throat. Such additional problems involved when
adding a second throat are (1) the optimum spacing of the driving nozzle
exit from the beginning of the second-throat contraction, (2) the limiting
second-throat contraction area ratio, Ast/Ad, (3) the effects of diffuser-
to-nozzle-exit area ratio, Ad/Ane, on starting at various contraction

area ratios, Ast/Ad, (4) the optimum length of the constant-area second-
throat duct, and possibly (5) the limiting or optimum magnitude of the
angle of the second-throat transition section. Data from the study of
problems 1, 2, and 3 are presented in this report. Problems 1, 2, and 4
are discussed in Refs. 1 and 2. A second throat is added to allow started
ejector-diffuser operation to continue at a higher exit pressure than is
possible with only a constant-area diffuser. This ability to operate at a
higher exit pressure makes the effort worthwhile for the development of
a feasible second-throat configuration.

4.4.1 Single.Nozzle.Driven, Second.Throat, Ejector.Diffuser Configurations

The results of the single-nozzle configuration B3 (Table 1) driving
the second-throat diffusers S3a, b, and c (Table 2) along with the constant-
area diffuser configuration 3 is shown in Fig. 13a. Neither the S3a-B3
nor the S3b-B3 (Ast/Ad = 0.4298 and 0. 5672, respectively) ejector-
diffuser config,ýration would start and pump the minimum Pc/Pt obtained
by the constant-area ejector-diffuser configuration 3-B3. For this report,
a second-throat ejector-diffuser is considered started when the second-
throat minimum PeJPt is equal to that obtained when there is no second
throat (straight diffuser). The contraction ratio, Ast/Ad = 0. 4298, for
S3a-B3 is approximately equal to the limiting contraction ratio for the
one-dimensional duct Mach number, Md = 6.18, based on Ad/A* as shown
in Fig. 9 of Ref. 2. The curve of limiting contraction in Ref. 2 indicates

that this S3a-B3 configuration should start. According to Ref. 2, con-
figuration S3b-B3 (Ast/Ad = 0.5672) is well within the start and operating
region, but this S3b-B3 configuration also failed to start. The momentum
or a force balance analysis presented in Ref. 11 predicts that the S3a-B3
and S3b-B3 configurations will not start and pump the straight ejector-
diffuser minimum Pc/Pt. The contraction was too small for both S3a-B.3
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and S3b-B3 configurations. The Pc/Pt performance for the S3a-B3 and
S3b-B3 was obtained for an optimum location of the nozzle exit from the
beginning of the second throat. Positions less than or greater than the
optimum shown in Table 4 and Fig. 13a would cause Pc/Pt to increase.

When the contraction ratio, Ast/Ad, was increased from 0. 5672 to
0. 6479 (from S3b-B3 to S3c-B3), the ejector-diffuser started and pumped
approximately the minimum Pc/Pt obtained for the straight ejector-
diffuser configuration 3-B3 as shown in Fig. 13a. Configuration S3c-B3
was predicted by the method of Ref. 11 to start and pump the minimum
no second-throat Pc/Pt. The Ast/Ad = 0. 6479 for S3c-B3 configuration
is greater than the normal shock contraction ratio, (Ast/Ad)ns = 0. 6316,
for the one-dimensional duct Mach number, Md = 6.18, based on Ad/A*.
In order to keep Pc a minimum, the minimum distance between the
second throat and the nozzle exit was 4. 62 in., whereas the maximum
distance before the diffuser would break down was 5. 62 in. The distance
of the nozzle exit from the beginning of the second throat could be varied
only by a maximum of 1. 0 in. and still hold Pc/Pt constant at the mini-
mum value pumped by the straight ejector-diffuser configuration 3-B3.
The point of breakdown and start near the two extreme positions occurred
at different Pex/Pt ratios. The Pex/Pt for the near minimum position of
the nozzle exit to the beginning of the second throat (4. 75 in. ) was 0.0156,
which was lower than that obtained for-the straight diffuser configuration
(Pex/Pt = 0. 0190). The near maximum position of t1he beginning of the
second throat from the nozzle exit (5. 19 in. ) resulted in start and break-
down Pex/Pt of 0. 01958. This was practically the same as the Pex/Pt
value (0. 0190) obtained for the straight diffuser configuration 3-B3. It
is not known what performance would have resulted if additional contrac-
tions between Ast/Ad = 0. 5672 and 0. 6479 had been investigated. The
nozzle exit Mach number, Mne, based on the nozzle area ratio, Ane/A*,
for nozzle configuration B3 is 2.92. The ratio of duct-to-nozzle exit
area, Ad/Ane, was 15. 44. The Ad/Ane ratios from the Refs. 2 and 12
investigations were equal to approximately 2 or less. This indicates that
the limiting contraction ratio is related to Ad/Ane.

The scarf nozzle, configuration B4, was used as the driving nozzle
for the second-thioat diffuser configurations S3b and S3c. Unlike the
performance of diffuser S3c configuration driven by nozzle configura-
tion B3, the S3c diffuser did not start when driven by nozzle configura-
tion B4. The average Mne based on Ane/A* for nozzle configuration B4
(Table 1) was 2. 69 as shown in Table 4, whereas the Md based on the
constant Ad/A* did not change from that of S3c:B3 configuration. The
decreased average nozzle exit area of the scarf nozzle increased the
Ad/Ane from 15.44 for S3c-B3 to 19.18 for S3c-B4. Since Ad/A* did
not change and the diffuser was started for S3c-B3 configuration, the
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decreased nozzle exit area is considered responsible for the S3c-B4
configuration not starting. The limiting contraction ratio, Ast/Ad,
appeared to increase as Ad/Ane increased. The fact that this B4 noz-
zle configuration was a scarf nozzle could have some conclusive in-
fluence on the limiting contraction ratio of the second throat. Even the
minimum obtainable Pc/Pt for the Ast/Ad = 0. 5672 (S3b configuration)
was higher for the B4 nozzle configuration (Fig. 13b) than the Pc/Pt
obtained for the B3 nozzle configuration (Fig. 13a).

The single-nozzle configuration D (Fig. 2d and Table 1) was used
to drive the S3b and S3c second-throat diffusers (Fig. 2b and Table 1)
and the straight cylindrical diffuser configuration 3 (Fig. 4a). Second-
throat diffuser configuration S3c, which has an Ast/Ad = 0. 5672 when
driven by nozzle configuration D, did not pump the minimum Pc /Pt that
was pumped by the straight cylindrical ejector-diffuser configuration 3-D
as shown in Fig. 13c. Reference 11 predicts that second-throat configu-
ration S3b-D should have pumped the same minimum Pc/Pt as the
straight cylindrical configuration 3-D. Actually, Pc/Pt for configura-
tion S3b-D is approximately 24 percent higher than the Pc/Pt obtained
by the straight cylindrical configuration. The contraction for configu-
ration S3b-D (Ast/Ad = 0. 5672) is either very near the minimum con-
traction for starting or small leakage into the test cell existed. When
the nozzle exit was 4. 81 in. from the beginning of the second throat, a
large difference in Pex/Pt was obtained (Pex/Pt = 0. 0229 at breakdown
and 0. 00625 at start). Breakdown and start Pex/Pt were equal when
the second throat was moved 1.5 in. farther downstream of the nozzle
exit, giving a total spacing of 6. 31 in. The Ast/Ad = 0. 6479 configura-
tion S3c-D ejector-diffuser pumped Pc/Pt (0. 000275) slightly below the
straight cylindrical ejector-diffuser Pc/Pt (0. 000319). Again a wide
variation of Pex/Pt at breakdown and start was experienced when the
nozzle exit was 4. 75 in. upstream of the beginning of the second throat.
However, when the position of the nozzle with respect to the second
throat was increased from 4. 75 to 5. 00 in., no difference in Pex/Pt for
start and breakdown was detected as shown in Fig. 13c. A small increase
was detected in Pex/Pt (0. 0211 to 0. 0222) when the position of the begin-
ning of the second throat from the nozzle exit was increased to 9. 25 in.
A quite large difference in start and breakdown Pex/Pt (0. 0107 at start
to 0. 0170 at breakdown) existed for configuration 3-D (straight cylindrical
ejector-diffuser configuration). The Ad/Ane for the S3b-D and S3c-D
was 6.43. The Ad/A* was not much greater for S3b-D and S3c-D configu-
rations (67.58) than it was for the S3a-B3, S3b-B3, and S3c-B3 configu-
rations (60.43). The greatest difference in the configurations is in the
Ad/Ane.
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4.4.2 Two.Nozzle-Driven, Second.Throat, Ejector-Diffuser Configuration

The two-nozzle configuration A (Fig. 2a and Table 1) was used to
drive the S3b diffuser (Fig. 4b and Table 2) where Ast/Ad = 0. 5672.
The position of the beginning of the second throat was varied from 5. 16
to 8. 38 in. from the nozzle exit without affecting the minimum Pc. The
positioning did affect Pex/Pt at breakdown. As shown in Fig. 13d for
the 5. 81 in. position of the second throat, Pex/Pt at breakdown was
lower than that obtained for the straight cylindrical ejector-diffuseik
configuration 3-A, but when the position of the second throat was changed
to 5. 84 in., the breakdown Pex/Pt was greater than that of the straight
cylindrical diffuser. This positioning was very critical. The diffuser-to-
nozzle exit area ratio, Ad/Ane = 6.28, is larger for configuration S3b-A
than for those configurations tested in Refs. 2 and 12.

4.4.3 Four-Nozzle.Driven, Second-Throat, Ejector.Diffuser Configuration

The four-nozzle configuration C (Fig. 2c and Table 1) was used to
drive the S3b and S3c diffusers (Fig. 4b and Table 2). The S3b-C
ejector-diffuser configuration did not start and pump the minimum Pc/Pt
pumped by the straight cylindrical configuration 3-C as presented in
Fig. 13e. According to Ref. 2 (which presents only data for single noz-
zles), this S3b-C configuration should start since the contraction ratio,
Ast/Ad = 0. 5672, was well above the limiting contraction for the one-
dimensional duct Md = 5.59 based on Ad/A*. Reference 11 predicts
from a momentum or force balance analysis that ejector-diffuser con-
figuration S3b-C should not start. The diffuser-to-nozzle exit area
ratio for configuration S3b-C, Ad/Ane = 9. 57, was higher than the
Ad/Ane = 6. 28 for the two-nozzle configuration S3b-A presented in
Fig. 13d. Again this indicates that the limiting contraction ratio,
Ast/Ad, increases with increasing Ad/Ane as shown for the previous
configurations discussed. When the nozzle exit was 4. 50 in. from the
beginning of the second'throat, the minimum Pc/Pt of 0. 00255 was ob-
tained, which is higher than the minimum obtained for a straight cylin-
drical diffuser (Pc/Pt = 0. 0Q146).

Ejector-diffuser configuration S3c-C did start. This configuration
had an Ast/Ad = 0. 6479, which'was near the normal shock contraction
ratio, (Ast/Ad)ns = 0. 6388. As shown in Fig. 13e at the 4. 81-in. posi-
tion of the nozzle exit, the same peculiar start and breakdown character-
istic was evident as was experienced previously with the single- and
two-nozzle configurations. This was the minimum position from the
beginning of the second throat for minimum Pc.' Breakdown and start
occurred at a lower Pex/Pt value than was obtained for the 3-C straight
cylindrical diffuser configtration. When the position of the second throat
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from the nozzle exit was increased from 4.81 to 5.44 in., start and
breakdown occurred at the same Pex/Pt = 0. 0284 value, which was
greater than the start and breakdown Pex/Pt = 0. 0256 value obtained
for the straight cylindrical configuration 3-C. The position of the second
throat was moved from 4. 81 to 5. 94 in. from the nozzle exit while

Pex/Pt was low (0. 00445) before breakdown occurred as shown in
Fig. 13e, but for restart the position of the second throat was 5.44 in.
This gives a total of 0. 63 in. between minimum and maximum position-
ing of the second throat without affecting Pc. Again the spacing of the
second throat from the beginning of the nozzle exit was very critical,
and from little to no improvement in Pex/Pt was obtained at the second-
throat contraction ratios tested.

5.0 SUMMARY OF RESULTS

The results of a model investigation of the influence of pertinent
parameters on ejector-diffuser performance with and without ejected
mass are summarized as follows:

1. The cell-to-nozzle total pressure ratio, Pc/Pt, is
affected by varying the nozzle area ratio, Ane/A*, for a
constant diffuser-to-nozzle throat area ratio. An increase
in Pc /Pt by an average factor of approximately 1. 68 was
obtained when the driving nozzle Ane/A* was decreased
from 18. 00 to 5. 00 by cutting off the exit and by using dif-
ferent size diffusers. The start and breakdown pressure
ratio was decreased by as much as 8 percent for small dif-
fusers (4. 026-in. diam), whereas no essential difference was
experienced for larger diffusers (8. 092-in. diam) when the
nozzle area ratio was decreased from 18. 00 to 5. 00. The
effect of decreasing the nozzle area ratio by cutting the noz-
zle exit off at an angle other than perpendicular to the nozzle
centerline resulted in a similar change in performance.

2. A- bend in a constant-area diffuser affects the ejector-diffuser
performance only in breakdown and start pressure ratio,

Pex/Pt, as a result of a change in the effective diffuser length-
to-diameter ratio (L/D upstream of bend). A diffuser with a
large gradual turn (such as coniiguration 6-B3) performed
more like a long straight diffuser (high Pex/Pt / Pty/Ptx = 0.6892
for effective L/D = 2.59), whereas a diffuser with a short sud-
den turn (such as configuration 7-B3) performed like a short
straight diffuser (low Pex/Pt /IPty/Ptx = 0. 6503 for effective
L/D = 3. 27) depending on the length of the straight section up-
stream of the bend.
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3. For essentially the same half-angle and for any particular
diffuser-to-nozzle throat area ratio, Ad/A*, the larger the
diffuser driving nozzle area ratio the lower the Pc/Pt will be
regardless of whether one-, two-, or four-nozzle clusters
are used.

4. A unique characteristic of ejected mass from the test cell is
that the cell pressure ratio, Pc/Pt, does not vary with Ad/A*
as much as it does when no mass is ejected. This enables
onc, to select a smaller diffuser which has a higher start and
breakdown pressure ratio, Pex/Pt, thus extending the facility
test range capability.

5. The limiting second-throat contraction ratio, Ast/Ad, in-
creased with increasing ratio of the diffuser-to-nozzle exit
area, Ad/Ane, regardless of the number of diffuser driving
nozzles used (one, two, or four). When the Ad/Ane is equal
to or greater than 6, the spacing of the second throat with
respect to the nozzle exit was noted to become very critical
as far as breakdown and start pressure ratio performance
improvement is concerned. However, spacing is critical any
time the limiting contraction ratio, Ast/Ad, is approached.
A second throat for such a configuration with large Ad/Ane
may not give any improvement in Pex/Pt.
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TABLE I

DESCRIPTION OF NOZZLE CONFIGURATIONS

Nozzle Nozzle Nozzle Geometry

Configuration Number d*, dne, On Ane/A*
(See Fig. 2) (See Fig. 3) in. in. deg

Al {.21 1.750 13.254 11.77

-31 0.50 I2.25

B1 1 0.471 2.000 16 18.00

B2 2 0.471 1.053 18 5.00

B3 3 0.790 1.563 10 3.914

B4 4 0.790 Scarf 2  10 3. 1473

5 0.489 0.980 15 4. 016

C f 6 0.490 1.005 15 4. 207

7 0.4885 0.995 15 4. 149

8 0.4885 0.990 15 4.107

D 9 0.747 2.421 9.00 10.51

1Nozzle details given in Fig. 3 of Ref. 1

2 Nozzle exit cut at an angle to the centerline (1. 218-in. minimum
diameter and 1. 563-in. maximum diameter.

3Average nozzle exit area based on the 1. 218-in. minimum
diameter and 1. 563-in. maximum diameter.
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TABLE 2

DESCRIPTION OF DIFJFUSER CONFIGURATIONS

Detail Dimensions Area
Configuration Type L1 Is D, d, Ad, Ast,

Number in. in. in. in. in. 2 in. 2

1 24.00 -- 4.026 -- 12.73 -
2 Straight 25.50 - 4.680 - 17.20 -

Cylindrical

3 24.00 - 6.141 - 29.62 -

S3a Straight 20.30 6. 141 4.026 29. 62 12.73
,Cylindrical

S3b with Second- Varied 21.42 6.141 4.625 29.62 16.80
Throat
15-deg
Transition

S3c Section 22.02 6.141 4.943 29.62 19.19

4 Straight 31.438 - 8.092 - 51.43 -

Cylindrical
5 Straight 46.50 - 10. 020 - 78.85 -

Cylindrical
6 Cylindrical 15.502 - 5. 763 - 26.08

with 90-deg
Long Radius
Elbow

7 Cylindrical 15.752 - 4.647 - 16.96 -

with 60-deg
Miter Bend

8 Cylindrical 11.432 - 5.763 - 26.08 -

with 60-deg
Miter Bend

1 Overall length of diffuser or distance between diffuser inlet and
beginning of second throat.

2 Length of diffuser before bend.
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4-in. -diam (Sch. 160) Two-Nozzle ('luster AdapterPlenum Section (Fig. 1, Ref. 1), .... S

"O"O'-Rin Seal

I -

"....-in ., SealNozzle Nos. -•
"O'-Ring Seal and -3

(Fig. 3, Ref. 1)

All Dimensions in Inches

a. Nozzle Configuration A .

Note: Nozzle Details Shown
in Figs. 3a andb b-

Coriguration 81
4-In.-diam (Sch. 160)
Plenum Section

Configuration B2

Sw---- Eight 0.25-NF AN Bolts
on 2.38 Bolt Circle

Flange Gasket -S

Crafiguration B3

Configuration B4

b. Nozzle Configuration 8

F1ig. 2 Simulated Rocket Nozzle 'onfigurations
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Note: Nozzle Details Shown 1 0-n da

in Fig. 3c

4-in. -dilam fSch. 160)
Plenum Section

"W-Ring Seal

"0-Ringn Seal

Four-Nozzle Cluster Adapter

c. Nozzle Configuration C

4-in. -diam fSch. 160) "0-Ring Seal Notet Nozzle Details Shown
Plenm Setionin Fig. 3d

d. Nozzle Configuration D

Fig. 2 Conclu.de
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•

- - 4.192Ii . 2 ".735 (R ef.) -' -

I-
3.00 1.25_ 1.05 _ 2.D

Diam Diam Diam Diam

Diam All Dimensions in Inches

Exit Plane of 017
Nozzle No. An/Ao Exit Diam, dne Nozzle No. 2_ _

1 i.00 2.00
2 5.00 1.053

a. Nozzle Numbers 1 and 2

1.00 3.92

•0. 125-

3.001.25 .200. -1.218 1.563
Diam O -iam Diam - iam

Exit Plan a of
Nozzle No. An/A* Exit Dima, dne Nozzle No. 4i3 ,3.914 1.563 

•

iBased on Average Nozzle Exit Area

b. Nozzle Numbers 3 and 4

Fig. 3 Simulated Rocket Nozzle Details
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-- 4.00-

-3.00

0.995-

dneJ

1.062
0.175Diam

1. 000- 14 NF Thread ý-O.85-in. ID Plenum

fNozzle No. AIMA Exit Diam, dne Throat Diam, d* l ieson nIce
5 4.016 0.980 0.4890 AlDmnin nce

______ 4.207 1 M10 0.4900
7____ 4.149 0. 96. 0.480
8____ ___4.107 0.990 0.48851 _______11.07c. Nozzle Numbers 5 through 8

8.12
4 2 .7 7 -1.50-1

4.0CO

%111 ________ 2.421

L4.00D-4 NC Thread Oa

d. Ntzzle Number 9

Fig. 3 Concluded
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--- 24.00

Diff user Diff user
Configuration Diam, 0

1 4.026 All Dimensions in Inches
3 6.141

a. Straight Cylindrical Diffuser Configurations 1 and 3

Adjusting Lever

6.141-in. ID Diffuser Attachment

(Diffuser Configuration 3)

18.25 4

24.25

Diffuser Second-Throat Second-Throat
Configuration DIam, d Length, A

S31 4. M6 20.303
S3b 4.,625 21.423
S3c 4.943 22.016

b. Second.Throt Diffuser Co•ifigurotion $3

Fig. 4 Diffuser Configurations ond:Details
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I 24.00

Diff user Dihuser Diffuser
Configuration Length. L Diam, D

2 25.500 4.680
4 31.438 8.092
5 46 .500 10. 020

c. Straight Cylindrical Diffuser Configurations 2, 4, and 5

IO-in.-dlam (Std.)
Long Radius Elbow

S21.'50 All Dimensions In Inches

15.50

6-in. -diam Long Radius Elbow

- 5.763-In. ID Diffuser

d. Cylindrical Diffuser with 90.61g Long Radius Bend, Configuration 6

Fig. 4 Continued
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1O-inrtdiam IStd.) •rr
Long Radius Elbow

II

lO-in.-diam (Std.) °

16.8

Lonl Dimesion in bowe

¶

5.763-in. ID Diffuser

f. Cylindrical Diffuser with 60udeg Miter Bend, Configuration 7

10in-dam 4Sd.
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6Pt, Z, Test
Symbol psia in. Ane/A Adl ne Configuration

0 312 2.375 18 00 4.06 I-BI
4 4 348 0.918 5.00 14.61 1-82

i - 1.40
AdýA° 73.07

o. 2

PexlPc "

0.001 25

6F/ ,//, / , °

.- /50

0.001 2 4 6 0.01 2 4

Pex/Pt

a. Configurations 1.B1 and 1.B2

Pt. z. Test" y SyLoq Lia in. AnelA Ad/Ane Confi.u,

o 359 2.375 18.00 16.40 4-BI
4 O 342 0.918 5.00 59.04 4-B2

/ PexI~c 175
// 200

- 250

~ ,/ 375
/- , ,5000.0001 o • ," f

% / /
, ' •1.40

A AA' 295.22

0. 001 :•4 6 0. 01 "2 4

PexlPt F 984

b. Configurations 4-31 and 4-B2

Fig. 5 Ejector.Diffiser Performance for Different

Average Nozzle Area Ratios
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0.010 I , , I I , , I ' , u i i .

8 Driving Pt, A Test
Symbol Fluid psia Ad/A Configuration

6 o Steam (y =1. 30) 192 98.74 2-BI 3
0 Air (y = 1.40) 307 98.74 2-B13

4 Note: Open Symbols - No Ejected Mass
Flagged Symbols - with Ejected Mass (One Jet Pump)
Closed Symbols - with Ejected Mass (Two Jet Pumps)

2 • PPex/Pc

15
/ 18

"-•0.001 /Jl

//,//6170

-- ~--I / '

0.0001- iin I I I I I I'si'II I I I !

0.001 2 4 6 0.01 2 4
Pex/ t1 =

Fig. 6 Ejector-Diffuser Performance for Different Driving Fluids
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0.01 i i i i ' -rI'I"T
8 - Pt Test

Symbol PsIa Ane/A, AdIAne Configuration

6 0 305 3.147 11.15 2-B4(Scarf)
a 309 3.914 8.97 2-13 (Symmetrical) Pexl c"

4 y • 1.40
AW/A° -35.09 <•I 18

20

2* /,25
S- /-/•

,,,/t /

0.001 I I ,I i I i - / I I II
U. 001 2 4 tr 0.01 2 4 6 8

Pex/Pt

a. Configurations 2-B3 and 2-B4

8t I I I I [ I I I I [ I I I I I I

AP, Test

Symbol Lsia Ane/A, Ad/Ane Configuration

o 309 3.147 19.20 3-84 (Scarf)
4 302 3.914 15.44 3-B3 (Symmetrical)

y • 1.40 p
AdIA - 60.43l Pex/Pc

2 15/18
20

0.0011- /, 7

611 I l I I I I I i I iI I ,I ,€ I/ ~ I I I I I ! •

0.001 2 4 6 0.01 2 4 6 8

PexlPt

b. Configurations 3.83 and 3.B4

'Fig. 7 Comparison of Ejector.Diffuser Performance for Scarf

and Symmetrical Nozzles
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S A/'A/A Test
symbol Ane/A* AdlAne Configuration

A 322 3.914 13.60 6-B3 (Symmetrical)
o 271 3.147 16.91 6-B4(Scarf) Pex/Pc •

-y.1.40 / 15
Ad/M* 53. 22

2 , 20
,//

/ ,b

0.001 I/

0.001 2 4 6 0.01 2 4 6 8
Pex/Pt F ,-988

c. Configurations 6-B3 and 6.B4

Pt, Test
6 Symbol psia AnWA* AdIAne Configuration

a 296 3.147 10.99 7-B4 (Scarf)
S " 297 3.914 8.84 7-B3 (Symmetrical) I

y -1.40
a-? 2 AdA" 34.60

0.001I I I I I I I I I I"

0.001 2 6 0.01 2 4 6

Pex/pt

d. Configurations 7.B3 and 7-B4

Fig. 7 Continued
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8 - " Ir- ; "" I I I I r__-'I -IIIi- r Ir|rT
Ft. ^ ^ A Test

S ymol psia An"Ah Ad"•ne Configuration
o 262 3.147 16.91 8-84 (Scarf)

4 A 291 3.914 13.60 8-B3 (Symmetrical)

Pex/Pc -

y 1.40 12
Ad/AIA -53.22 13

2 // 15

7,/ 18

0.001 I I i I t tJI / , / , ,

0.001 2 4 6 0.61 2 ' 4 6 8
Pex/Pt

e. Configurations 8.B3 and 8.B4

Fig. 7 Concluded

8 I 1 I I I I I I i i | '
t, L, D, Test

6 Symbol psia in. in. AdlA* AdAne Configuration

A 309 25.50 4.680 35.09 8.97 2-83 (Straight Diffuser)
0 297 15.75 4.647 34.60 8.84 7-B3 (iffuser with Bend)

Pexlpc•"r , 1.40 15ex~c

Ane/A. • 3.914 , , 17
22

II,V

0.001 I • .

0. 001 2 4 6 0.01 2 4 6 8

PexI Pt

Fig. 8 Comparison of Ejector.Diffusor Performance for

Straight Difusers and Diffusers with Bends
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6 s P 1,. D, Adi- Test
Symbol psia in n. AdI A Configuration

0 309 25.50 4.680 35.09 2-B3
4 0 302 24.00 6.141 60.43 3-B3 Pex/PC

1.40 1
AneA* - 3.914 2

2 23.- o
a- Note: Open Symbols - No Ejected Mass / " /

Flagged Symbols - with Ejected Mass , / 40
0.001 (One Jet Pump) / // / /

0. 001 2 4 6 0.01 2 4 6 8

Pex/Pt

a. Configurations 2-B3 and 3.-3 (Symmetrical Nozzle)

8 I I I I I "I l i I I I I I I I I

6 Pt, L, D, Test
S ymol psia n. in, Ad/A° Configuration

0 305 25.50 4.680 35.09 2-B4
4 0 309 24.00 6.141 60.43 3-B4 PexlPc "

Y )- 1.40 15 -1

SAne/A* 3.147 17

Note: Open Symbols - No Ejected Mass //, 30
,// do

Flagged Symbols - with Ejected Mass ,// /001 0- (One Jet Pump) 00'; •/

0.001 2 4 6 0.01 2 4 6 8

PexlPt

b. Configurations 2.B4 and 3.B4 (Scarf Nozzle)

Fig. 9 EjectoreDiffuser Performance with and without Ejected Mass

from the Test Cell
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6 I sentropic
Curve (y - 1.40)

4

2

0.001

Nozzle
8 Symbol Ane/A* Configuration

6 0 18.00 BI (1 Nozzle)
A• 5.00 B2 (1 Nozzle)

4

- Note: Open Symbols - No Ejected Mass

2 Flagged Symbols - with Ejected Mass (One Jet Pump)
Closed Symbols - with Ejected Mass (Two Jet Pumps)

0 .00001 , I _ I I I I I I , I , I I I I
10 2 4 6 8 100 2 4 6

Ad/l LII
a. Diffuser Configurations 1 through 6, Nozzle Configurations BI and B2

Fig. 10 Variation of Pc/Pt with Adc/A* Compared with One-Dimensional Isentropic

Pc/Pt for Different Average Ane/A*
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0.010.01' I I I I 1 1 1 1 1 I i I I I

8 Note: Open Symbols - No Ejected Mass
Flagged Symbols - with Ejected Mass (One Jet Pump)

6 Closed Symbols - with Ejected Mass (Two Jei Pumps)

Isentropic Curve
4 (y = 1.40)

A IA* Nozzle
2 SyŽmbol Ane/A* Configuration

a 3.147 B4 (Scarf Nozzle)
0 3.914 B3 (Symmetrical Nozzle)

- -
0.0010

8

6

4 -*

44

2

0.0001l

10 2 4 6 100 2 4 6

Ac/A* Ililill
b. Diffuser Configurations 2, 3, 6, 7, and 8, Nozzle Configurations B3 and B4

Fig. 10 Continued
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0.011 - I I I

8ybl A Nozzle
6 Isntrpic urv Symol ne/A Configuration
6 Isntroic Crve.12.01 A (2 Nozzles)

Ly.0 12.01 A (2 Nozzles)*

Note: Open Symbols - No Ejected Mass
Flagged Symbols - with Ejected Mass (One set Pump)
Closed Symbols - with Ejected Mass (Two Jet Pumps)

2 * Diffuser Configurations as Given
in Table 3 are Shown in Ret. 1

.4-

0. 001
8

6

4

2

0.0001 _____ ________

10 2 4 6 100 2 4 6

AdIA*

c. Diffuser Configurations 3 through 6, Nozzle Configuration A

Fig. 10 Continued
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0.01 " I ' ' ' ' I ' I I I I I I I

Note: Open Symbols - No Ejected Mass
6 Flagged Symbols - with Ejected Mass (One Jet Pump)

Closed Symbols - with Ejected Mass (Two Jet Pumps)

4

Nozzle
Symbol AneWA* Configuration

2 < 4.12 C 4 Nozzles)

0.001

8

6

AneA* -=5.00
4 \ (Single Nozzle)

Isentropic Curve F 1 0a

(y - 1.40) 1> \ \\{ AneA" -12. 01
2 Ane/A* = 18.00 - (Two Nozzles) -

Fig. 10c
(Single Nozzle)
Fig. 10II a

0.0001 - ,

10 2 4 6 100 24 6

Ad/A*
I Diffuser Configurations 1 through 6, Nozzle Configuration C

Fig. 10 Concluded F
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Theoretical Normal -
0 Shock (y - 1.40)

0.010
8 '

"8 Symbol AnA Nozzle

6 m A Configuration
o 18.00 Bi (1 Nozzle)
o 5.00 B2 ( Nozzle)

2

10 2 4 6 8 100 2 4 6
Ad/A* •

a. Diffuser Configurations 1 through 6, Nozzle Configurations B1 and B2

4I I I 1 .. 1! 11I I i II

- -Theoretical Normal Shock

(y = 1.40)

4V

0.010 Nozzle
8 Symbol AneA* Configuration

"o 3.914 B3 (Symmetrical Nozzle)
6 A 3.147 B4 (Scarf Nozzle)

4 I I II I I I III I I !I I I

10 2 4 6 8 100 2 4 6

AdIM-

b. Diffuser Configurations 2, 3, 6, 7, and 8, Nozzle Configurations B3 and B4

Fig. 11 Ejector-Diffuser Average Starting Pressure Ratio Required
for Different Nozzle Configurations
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6

Theoretical Normal Shock
(y -1. 40)

"2

_ . _ •, ,,.o Nozzle • X
0.010 Symbol ne Configuration

o 12.01 A (2 Nozzles)
S . 12.01 A,(2 Nozzles)*

S Diffuser configurations as Given in
Table 3 are Shown In Ref. 1

4 J I
10 2 4 6 lO0 2 4 o

c. Diffuser Configurations 3 through 6, Nozzle Configuration A

8

6

4 Theoretical Normal Shock (y -1.40)

C-4-
U) 2

Nozzle0.010 Configuration

8 0 4.12 C (4Nozzles
6 Il I -_111 I

10 2 4 6 100 2 4 5

d. Diffuser Configuruaions 1 through 6, NozI* Conflgv'ation C

Fig. 1I Concludec!
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0.0100 ......0I II I I I I
8 X, Test

Symbol AstIAd id in. Configuration One Nozzle
6 0 0.4298 5.043 2.03 S3a-B3 y - 1.40

a 0.5672 4.032 4.56 S3b-B3 AdIA* - 60.43
4 0.6479 4.454 4.75 S3c-B3

A 0.6479 4.454 5.19 S3c-B3 AdIAne - 15.44
0 - - - 3-133

Pex/ Pc
/ / 18

224

0. 0010-| -" "-

8 -Q

6L I I I III . .II" I I I I I t I I F
0.001 2 4 6 0.010 2 4 6 0.100

PexlPt

a. Configurations S3*B3 and 3.53

0.0100 1 1 1 L

8 - X, Test One Nozzle

6 Symbol Ast/Ad Vd in. Configuration y - 1.40
0 0.5672 4.632 3.06 S3b-B4 AdiA* - 60.43
,", 0.6479 4.454 4.44 S3c-B4 A = 1
0o - • - 3-B4 !

lii

~ex'xt f
2 166-• ]8

20

0_]/

0.0010 ,-0 00o•

0.001 2 4 6 0.010 2 4 6 0.100

Pexl Pt

b. Configurations S3.134 and 3-B4

Fig. 13 Effect of Second-Throat Contraction and Location on
Ejector.Diffuser Performance
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A E DC.T DR.64.134

6 T
-X, Test

Symbol Ast/Ad Lid in. Configuration One Nozzle

o 0.5672 4.632 4.81 S3b-D = 1.40
- 0.5672 4.632 6.31 S3b-D Ad/A* = 67.58 -
a 0.6479 4.454 4.75 S3c-D A/A• -6.58
dy 0.6479 4.454 5.00 S3c-D AdIAne 6.43
m * 0.6479 4.454 9.25 Sc-D0 . . ..- 3-D

0.0010 ~x~

50
6-T of 6F /60_ !•,......•t / it 70_J

S//,,80

2

0.001 4 6 0.010 2 4 6 0.100

Pex/Pt
c. Configurations S3-D and 3-D

5I1I
Two Nozzles

- X, Test y - .40
Symbol AstIAd Ild in. Configuration AdlA* = 73.93 _

_ 0 0.5672 4.632 5.81 S3b-A AdlAne = 6.28
- 0.5672 4.632 5.84 S3b-A

2 - A - - - 3-A Pex/Pc
,18- ~20 -

22
24

0.0010 
I

8 -- --/

0.001 4 6 0.010 2 6 0.100

PexlPt

d. Configurations S3.A and 3.A

Fig. 13 Continued



A E DC-T DR-64-134

0.0100 _ I I i I I I I I I I I I I I I [

8A t/A X, Test
6 Symbol stld /d in. Configuration Pex/Pc

0 0.5672 4.632 4.50 S3b-C
A 0.6479 4.454 4.81 S3c-C

_ y 0 . 6479 4.454 5.94 : Skc-C 12/_
4 A 0.6479 4.454 5.44 S3c-C 14

- 0•,.. 3-C 16

V 20

a-

"0.010le * J Four Nozzles _
-y = 1.40 -

Nozzle Exit was Moved from 4.81 in. =

6 to 5. 94 in. from the Second Throat Ad/Ane = 9.57 -

4 I I IL I I III I I I I Lii

G. 001 2 4 0.010 2 '1 4 0.100

PexlPt

e. Configurations S3-C and 3-C

Fig. 13 Concluded
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